Sedentary time questionnaires provide a low cost, low participant burden way of assessing sedentary behavior, but their subjectivity is questionable. The aim of this study was to assess the validity of sedentary time questionnaires, both single item and domain specific, in a student population under free living conditions with accelerometry as criterion measure.
It is hypothesised that both sedentary time questionnaires underestimate the sitting time.
Twenty healthy subjects (15 male, 5 female) participated in a one-week observational study under free-living conditions. They wore an accelerometer (activPAL) continuously for 7 consecutive days and afterwards filled in a single item (IPAQ) and a domain specific sedentary time questionnaire (dsSTQ) about the same time period. Spearman correlations were used to assess relative validity and Wilcoxon signed-rank tests and Bland-Altman plots were used to assess absolute agreement between questionnaires and accelerometry. Sitting time was significantly underestimated by the IPAQ and insignificantly overestimated by the dsSTQ compared to accelerometry for the full week average sitting times. Correlations between questionnaires and accelerometry were weak to moderate. For both questionnaires there were large individual differences in estimations compared to accelerometry. The correlation between questionnaire and accelerometer determined sitting events lasting 30 minutes or longer was moderate. The dsSTQ is the more accurate measure of the two questionnaires on sitting time on the population level. However, there were large individual differences in estimations, and thus it does not seem to be a valid, reliable measurement tool for sitting time in small populations and in studies were sitting time is an important outcome. For these studies, accelerometry or more preferably direct observation provides a better estimate of sitting time.
Introduction
In the last century, new technological innovations and changed living and working environments have led to an increasingly sedentary lifestyle in the developed countries (1, 2) . The on going trend of increasing obesity and diabetes prevalence is a concern for global health and the economy (1) (2) (3) (4) . In order to change this trend, changes in lifestyle need to be made. To implement these changes in the best possible way, it is useful to first investigate the current lifestyle profiles of specific populations. To get an insight in sedentary behavior on the population level, different kinds of monitoring tools exist, such as questionnaires and accelerometry. It is of importance to assess the validity of these monitoring tools. To assess sedentary behavior self-report measures like questionnaires, surveys and diaries are often used because of their low cost, practicality and low participant burden (5) . The downside of self-report measures is the issue of recall and response bias which could lead to an over-or underestimation of the sedentary behavior (6) . Direct measures, such as calorimetry, accelerometer, heart rate measurements and direct observation, are thought to be more precise measures of sedentary behavior as there is no risk for recall or response bias. The major downside of direct measures compared to self-report measures are the higher costs which makes them difficult to apply to large population studies (5) . The question arises how accurate sedentary behavior questionnaires are. To get an answer to this question, studies which compare the sedentary time outcomes of self-reported and accelerometer measures are needed. Since age and education level are probable to have an effect on the level and pattern of sedentary behavior, the studies should be performed in a variety of population samples. One example of a specific population is the student population, which is often classified by high education levels and irregular lifestyles without regular working schedules. Work makes physical activity and sedentary time easier to report, because of a more constant schedule during working days. Students often lack the 9 till 5 structure of work and educational programs often have irregular hours, which provide the students with irregular spare time. Because self-studying is performed on a free basis, there is possibly a larger spread of physical activity. This irregularity raises the question whether sedentary time questionnaires provide a valid outcome in a student population. Therefore, the primary aim of this study was to assess the validity of sedentary time questionnaires, both single item and domain specific, in a student population with accelerometry as criterion measure. It is hypothesised that the single item (IPAQ) and the domain specific sedentary time questionnaires (dsSTQ) both underestimate the sedentary time compared to accelerometry and that there is little agreement between the questionnaires and accelerometry.
Material and Methods

Subjects
Twenty healthy students participated in this study. Participants had to be students, with a BMI between 18 and 25, and at least 18 years of age. Exclusion criteria were movement disabilities and diseases interfering with physical activity.
Study design
This study was an observational study comparing accelerometer and questionnaire determined sitting time for seven consecutive days under free-living conditions. The subjects wore an accelerometer (activPAL3 TM , PAL Technologies, Glasgow, Scotland) on the thigh and filled in a questionnaire about the last seven days right before attaching the accelerometer, directly after the removal and as a retest seven days after the removal of the accelerometer. Two questionnaires were used in the study, of which the first questionnaire was the Dutch translation of the International Physical Activity Questionnaire (IPAQ) in the Long Form about the last seven days, of which only the last question on the average sitting time on weekdays and on weekend days in the last 7 days was used for further analysis. In addition to the IPAQ, a domain specific sedentary time questionnaire (dsSTQ) was used. The dsSTQ split sitting time into sitting while travelling, working, watching TV, using the computer in the spare time, during activities in the spare time¸ and eating. It was asked to fill in the average daily sitting time for the last 7 days and the questions were asked for weekdays and weekend days separately.
Procedure
Two meetings with the subjects took place. At the first meeting, the subjects filled in the questionnaire. Length, weight and age of the subjects were asked. After the questionnaire was completed, the accelerometer was attached to the right thigh. The subjects were able to sleep, shower and bathe with the accelerometer and were instructed to remove the monitor only when it was necessary because of skin irritations or water-or other activities with a high risk of losing the monitor. The subjects were informed on how to reattach the accelerometer themselves in case it got loose and they were provided with additional film to reattach the accelerometer. It was emphasised to the subjects to maintain normal 
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activities during the upcoming week. The subjects kept a log of their sleeping times for the seven measuring days with an accuracy of 10 minutes, which were used as guidance for obtaining the sleeping times from the accelerometer data. Sleeping times were logged in order to calculate the sitting/lying time while awake by subtracting the sleeping time from the total sitting time, which was obtained with the accelerometer. Seven days after the first meeting the second meeting took place. The accelerometer was removed and afterwards the subjects were asked to fill in the online questionnaire again. The subjects were reminded that within seven days they would receive an email with the re-test questionnaire. In this email it was emphasised that the questionnaire had to be filled in immediately on the day of receiving the email.
Data analysis
Subjects with less than four consecutive weekdays or less than two weekend days of complete data were excluded from further analysis. The sitting times per day calculated by the activPAL analysis software (v7.2.29, Research Edition) were collected into one Excel worksheet to calculate average weekday, weekend day and total week average sitting times. The sleeping times were subtracted from the total sitting/lying time collected by the activPAL in order to obtain the waking sitting times. The accelerometer data of the first and the eighth measuring day were summed in order to create seven complete days of data. The questionnaire data of the second meeting was compared to the accelerometer data because they covered the same week. The activPAL was used as the criterion measure for the validation of the questionnaires. The average sitting time outcomes of the IPAQ and the dsSTQ were compared with the accelerometer outcomes for weekdays, weekend days and total average of the week. The dsSTQ and accelerometer determined average number of sitting events lasting longer than 30 minutes were compared for weekdays, weekend days and total week average. Spearman's correlation coefficient were calculated to assess the association, Wilcoxon signed-rank tests were used to assess the significance of the differences between the methods and Bland-Altman plots were created to assess the absolute agreement between the methods. In the Bland-Altman plots, a difference above zero indicated an underestimation and a difference below zero indicated an overestimation of the questionnaire compared to accelerometry determined sitting.
Lower bias and smaller 95% limits of agreement indicated better agreement. When the plot seemed to display a proportional bias, mean difference and limits of agreement were also assessed with regression (7). The statistical analyses were conducted with IBM SPSS Statistics 22 (SPSS, Inc., Chicago, IL) and a p<0.05 was set as statistically significant. The sitting events lasting longer than 30 minutes without at least 2 minutes of breaking were 21 determined manually with the activPAL software output per day. When a break longer than 2 minutes occurred in the middle of a longer sitting period, it was measured whether the sitting time before and after the break was minimally 30 minutes. In such a case they were counted as two separate sitting events lasting longer than 30 minutes. When the break was shorter than 2 minutes, the sitting time before and after the break were counted as one event. When more breaks shorter than 2 minutes occurred in a sitting period, the break times were summed. When the sum of the break times reached 2 minutes, the sitting event stopped at the last break of the sum, and the sitting time after the last break was counted as a new sitting event. When the sitting events were less than 30 minutes, they were not counted. Sleeping was not counted as a sitting event.
Results
Subject characteristics
A total of twenty subjects (15 male, 5 female) participated in this study, with a mean age of 21±2 years, an average height of 1.78±0.09 m and an average weight of 68±8 kg, which resulted in an average BMI of 21.3±1.2.
Population average sitting times for the three measuring methods
For full week averages, the population average sitting times and the range of individual values derived from the three measuring methods were 575.7 (450.5 -680.6), 383.4 (102.9 -677.1), and 572.5 (263.6 -840.7) min/day for accelerometry, IPAQ and dsSTQ respectively (table 1) . Both IPAQ and dsSTQ derived sitting times had broader ranges of individual values than accelerometry determined sitting times. On the population average, sitting times on weekdays were higher than sitting times in the weekend for all three measuring methods. 
ActivPAL and IPAQ sitting time correlation and agreement
There was moderate correlation between accelerometer and IPAQ determined sitting time 
ActivPAL and dsSTQ sitting events lasting 30 minutes or longer correlation and agreement
The correlation between accelerometer and dsSTQ determined sitting events lasting 30 minutes or longer was weak for full week averages (ρ=0.399, P=0.176), moderate for weekday averages (ρ=0.450, P=0.080), and weak correlation for weekend averages (ρ=0.387, P=0.154). Negative biases for full week, weekday, and weekend averages of sitting events lasting 30 minutes sitting or longer have been found, with mean differences of -2.2, -2.4 and -1.5 events respectively which were significantly different from zero (figure 4).
Data of one subject was omitted from analysis due to a misinterpretation of the question, which resulted in questionnaire values which were double the average of the population. 
Discussion/Conclusion
The aim of this study was to assess the validity of the IPAQ and the dsSTQ outcomes in relation to the activPAL accelerometer sitting time outcomes. It was hypothesised that the IPAQ and the dsSTQ underestimated sitting time compared to accelerometry determined sitting time and that there would be little agreement. The major findings of this study were that the IPAQ significantly underestimated and the dsSTQ insignificantly overestimated sitting time for the full week averages compared to accelerometry and that the correlations between the methods were weak to moderate.
In the current study, sitting time was significantly underestimated by the IPAQ compared to accelerometry. This is in accordance with previous studies (8) (9) (10) . In a study by KozeyKeadle et al. (9) there was a significant underestimation of sitting time with the IPAQ for weekend days, but an insignificant underestimation for weekdays compared to activPAL
The validity of single item and domain specific sitting time questionnaires in a student population measured under free-living conditions T.D. Atsma specific questionnaires compared to accelerometry is also found in previous studies (8, 9, 11) . However, in a study by Marshall et al. (12) the correlation in the current study is the use of an even more extensive domain specific sitting time questionnaire, which also included separate questions on sitting during leisure time activities, such as sitting while reading, socialising, and listening to music.
Another outcome of this study was the number of sitting events lasting 30 minutes or longer. It was found that the dsSTQ significantly overestimated the number of sitting events compared to accelerometry for both weekdays (2.4 events/day) and weekends (1.5 events/day) and the correlations between the methods were weak to moderate. To the author's knowledge, the validity of such a questionnaire outcome has not been studied before. However, there have been studies on breaks in sedentary time, which is a related outcome, considering that the number of sitting events lasting 30 minutes or longer depends on the number and timing of breaks. From the results of the current study, it can be concluded that the used questionnaire is not a valid measurement tool for the number of sitting events lasting 30 minutes or longer compared to accelerometry. It is however unknown how accurate the used criterion measure is in measuring the length of sitting events. Some studies have validated accelerometry determined number of breaks with direct observation as criterion measure (14, 15) . They found that the activPAL estimated the absolute number of breaks and the number of sitting to standing transitions precisely and accurately. However, the way the activPAL data is presented with the software gave some difficulties in the current study with determining sitting and breaking time. It is important to note that by stating questionnaire outcomes over-or underestimate sitting time, it is implied that accelerometry provides the 'gold standard'. However, accelerometers have their biases and errors in measuring sitting time as well (16) . In a validation study by Kozey-Keadle et al. (17) it was found that both activPAL and ActiGraph (cut point <100 counts per minute), provided an underestimation of sitting time compared to direct observation.
However, the underestimation was larger with the ActiGraph than with the activPAL, with differences of 4.9% and 2.8% respectively compared to direct observation (17) . In a later study by Kozey-Keadle et al. (9) in which the ActiGraph outcomes were compared to the activPAL outcomes, it was found that the ActiGraph underestimated sitting time on weekdays compared to the activPAL outcomes but it overestimated sitting time on weekend days.
This difference between weekdays and weekend days could be explained by the observed higher time spent standing during the weekend together with the inability of the ActiGraph to distinguish between standing and sitting (9) . Comparisons between the findings of the current study with studies, which used the ActiGraph, should thus be made with caution.
Considering the difference found between direct observation and accelerometry determined sitting time, the underestimations of sitting time by questionnaires found in the current study could in reality be larger and overestimations could be equally smaller, since the ´gold- 
28
One of the major strengths of the current study was the continuous wearing of the accelerometers instead of shorter wear times, which have been used in most other studies.
Another strength of the current study is the measurement of sedentary behavior under free-living conditions. Subjects were free to do what they wanted and did not have to write down what kind of activities they did during the week. Furthermore, the use of the activPAL instead of the often-used ActiGraph is the strength of the current study, since it is able to distinguish between standing still and sitting, which is important in measuring sedentary time. However, there were some limitations of the current study. The domain specific questionnaire used in the current study split the questions into sitting times on working days and free days. For the data analysis, it was assumed that working days were equal to weekdays, and free days were equal to weekend days, but this is not always true for students. Students often have part time jobs in addition to their education, which can also occur in the weekends. Therefore, the distinction between working days and free days could be effective for working adults, but for a student population, a distinction between weekdays and weekend would be more suitable. Future studies in student populations should thus assess the validity domain specific questionnaires with the distinction between weekdays and weekend days or the subjects need to be asked which days of the week they considered as working days and which as free days. Furthermore, the subjects in the current study were a convenience sample and were not selected to represent the student population as a whole. The majority of the subjects studied health sciences, and thus could possibly have more knowledge on the average amount spent sitting which would reflect on better estimates with the single item question compared to the estimates of more heterogeneously educated population samples. Therefore, future studies should include more heterogeneous student populations for a better validation of sitting time questionnaires in the average student population.
In conclusion, it was found that dsSTQ insignificantly overestimated sitting time while the IPAQ significantly underestimated sitting time compared to accelerometry, which makes the dsSTQ the more accurate tool of the two for measuring sitting time on the population level. However, there were large individual differences in estimations, and thus it does not seem to be a valid, reliable measurement tool for sitting time in small populations and in studies were sitting time is an important outcome. For these studies, accelerometry or more favorably direct observation is advised. The number of sitting events lasting 30 minutes was overestimated by the questionnaire compared to accelerometry, but accelerometry determination of sitting events was difficult. Therefore, future studies combining direct observation and accelerometry should be performed to validate the outcome measure of sitting events.
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Role of the student Timmermans focussed on activity.
